
Ab R t r a c  t 

The appl ica t ion  of  the plasma chemical reac. t ionin 

I.he R.P.ion source,the d i f fe rence  between the metal ion  

extracted from t h e  K.Y.ion source by applyinfi plasma ch- 

m i c a 1  reac t ion  and by non-plasma chemi.ca.1 react ion,  t h a t  

had been reported. (1)(2)Thin prper i s  racount an exneri- 

ment d e v i c c , i t  i s  u t i l i z e d  t o  c r e a t e  a condi t ion, in  order  

1 . 0  t h e  denudation rate of the  plasma. t o  metals can compare 

with non-plasma,rsmove t h e  e r ror  by condition change which 

is not seen e a s i l y  i n  d i f f e r e n t  t i m e  experiment,also avoid 

!.he t l i f fercce by experimenter i s  accustomed t o  oprate.The 
,xpc!rimnnt provided nccorrlinc t o  s s l c c  t t h e  striictiiro of 

I.ho mt:t,:ll i o n  cxt.rac I.c?d by applyinF: plasma chrm5.cn.l rcac- 

IAon i n  thn H.F.ion oovrce. 

I. The expnrimenta.1 s t r u c t u r e  and  working pr inc i -  

ple. 

For ccmparing t h e  d i f fe rence  of t h e  plasma chmi-  

c a l  reacclon and rion-plasma chemical react ion,  uoncktion 
of comparinl: them m i l s t  bo created,  t h e  s t r u c t u r e  used i n  

t h i s  experiment is shown i n  fic.1. 

1-5 are four tunesten s t i c k s  ( t h e r e  are f i v e  par to) , thcy 
:ire cuted from a ..tungsten pole with same d i m e t e r ,  they 

are a].! put, i n t o  a discharge chamber. 1-1 i s  exposed i n  

the pl-nnma, and is  a t  R ncc?Live potentia.l.  I-% and 1-1 
a r e  a. pole ,a t  a nep,at,ive p o t e n t i a l  too,but it i s  shielded 

by a quart% elass tube with an i n t e r n a l  diameter L". 

1-3 i s  shielded bg a quartz g l a s s  thbe with an i n t e r n a l  

diameter I " m ,  and f rea ly  so t  i n  the  plasma region, it 
i o  not d i r s c t l y  e x ~ o s e d  i n  t h e  plasma.. 1-1, i s  d i r e c t l y  

Vie. 1-1,1-2,1-3,I-L~, 

r!xpowxi i n  tho  p.l.asmn. 1-5 i n  at, a ponit,ive potential, 

it is not shielded too. 
A f t e r  t h e  haloKen f,mil,y nlcment ( o r  the  ha l ide)  

c n t e r  thedischarge chamber,it i s  ionized by a high frequ- 
cncy electromagnetic f i e l d ,  and plasma IC formed. chemical 

react ion i s  caused i n  it w i t h  f i v e  metals pole  a t  t h e  sa- 

me time, The react ion i a  60 on at  c e r t a i n  enter ing gas  

quant i ty  and under a same discharge power condition w i -  
t h  t,he same time of beginning and ending. 

2. The experiicentnl reSl l l t3  

2J tho comp:i,r:\.sion o r  t.hc results  o.f chcmir:a.J. 

rsnct,j.on T o r  t,hr f i . x  mct%I p9lcs with tho haloccn. 

Thc ch:~.n~j.rif: r a t o  o.f t h ?  diameter nf the  metal 

polcs is measured i n  nxpperiment €or many time a d  t h e  

var ia t ion  of them i s  d i f f e r e n t .  t,he changing r a t e  .of d i -  

,meter  i s  t h e  reducti.on quant i ty  o f  t h e  metal. .pole i n  di- 

ameter ;rfter t h e  c h m i c a l  rcac t ion  nf tlhe metal  pole with 

t h e  haloesn during a d e f i n i t e  t,ime.The rate O C  1-3 is  the 

Least , i t  is used as a c r i t e r i o n  f o r  the datum, with whi- 

:h the  r a t e  of o t h e r s  i s  compared. Because 1-2 and 1-3 
i r e  i n  a roughly similar condi t ion, their  change are ide- 

? t i c a l .  1-4 i s  four t o  six time a s  l a r g e  as 1-3. 1-5 is 
six t o  ten time as larp;e as 1-3. 1-1 is  3 more orders  of 
naenitude than 1-3. 

w 
FIg.1 -The -structure for  pmcessing plasma 

chemical reac t ion  and non-plasma ch- 
emical react ion i n  t h e  R.F.ion sourceo 

0 ) ( 2 ) ( 3 ) ( 4 )  (5)are  tungsten poles) 
(6) the  discharge chamber made of quar- 
t z  g lass ;  ( 7 1 t h ~  c o i l  of t h e  R.F. 0s.- 
cil lator.  

2.2 The case of ex t rac t ing  metal i o n  by t h e  use  

of t h e  stmcture 1-3 and. I-4 respectively. 

(1)The experimental r e s u l t s  of using s t r u c t u r e  

1-3 is showed i n  f ig .2  and fig.3. 

(2) The experimental r e s u l t s  of applying s t ruc-  

t u r e  1-4 is  shown i n  fig.4, f ig-5 and fig.6. 

one can see  from experimental r e s u l t s  i n  both 

case t h a t  when t h e  plasma chemical rqact ion i s  applied, 

u s e f u l 1  metal i o n  content proportion i s  higher  i n  the 

i o n  beem than t h a t  of non-plasma range chemical reaction. 

When form 1-3 i s  used, pd+ smaller  than 10% i n  t o t a l  ion 

beem, A$makes up only 6% and Ta can not see i n  ion  mass 
+ 

Spectrum .mereas'when form 1-4 i s  used, A i  maked up 40%, 
Ta makes up 67% and W.makes up 30%. 

+ -t 
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Fig.3 The i o n  mass spectrum of Ag+ BF3 
by us inn  s t r u c t u r e  1-3. 

3. Dincussion 

The experimental mr,ult,n han showed t h a t  t h o  et- 
chinp. rate of t h e  mrtal cxposcd i n  plasma i s  hjgher  than 

i n   quart,^ Lube, t h e r e f o r  wmted Lhe metal ion content pro- 

port ion higher  i n  i o n  beam. t h e  rcason is that, i o n i z e t i o n  

rate i s  higher i n  pla:ima t f ~ m  i n  quar tz  class Ixbo (or 
non-plasma range ) and there  are many favourable  f a c t o r s  

present, s p e c i a l l y  more hiEh snerCy par%icl.es and ac t ive-  

t e d  par t ic les .  

3.1 The comparison of  1-4 and 1-3. 
(I) 1-4 form t h e r e  i s  more e lec t rons  than 1-3, 

t h e  e l c c t m n s  which c o n s t i t u t e  about one half  of t h e  am- 
ount  of charged particles p m e m  higher  energy bg I t o  2 

orders  of magnitude(3) (&)than t h e  moleci~les, the  atoms 

and t h e  p a r t i c l e s  i n  glass %ube i n  t h e  s'me plasma. The 

e lec t rons  i n  plasma a r e  tho most, a c t i v e  onso i n  all par- 

t ic lcs .  Thc cncrp;y i n c r c w e  i n  Lhc discharge chamber i s  
'esaent.i%lly Lransfered by e lec t rons  which mnkc t h e  mol- 

ecules  reoolved, the s t o m s  and t h e  molecules e*., a c t i -  

vated and ionized. 
(2) The condition of I-h i s  possessed of  more 

ac t ivn ted  p a r t i c l e s  than 1-3. 
Tho cas molsculns of t h e  haloKen family elements 

are resol-rsd c a s i l y  i n t o  attoms i n  trho process of t h e i r  

c o l l i s i o n  with p a r t i c l e s  (or bombarded by p a r t i c l e s  ) i n  
plasma and w i l l  absorb energy. II.Sev + 

1.?7ev ____...--e Br ---+b + e 
For example, Hr2 '-- II.8ev 

SU,------~;+ r + e 

:1 
4 
3 

2 
I 

0 1 2  3 4  5 6 7 8  9 ( A )  
The curren t  of magnetanalyser 

Fig.4 The ion mSS' SpeCtIUUl of Ag+ BF3 
by using s t r u c t u r e  1-4, 

d I 2  3 1 5 6  7 8  9 ( A )  
The current of Wgnewauser  

Fig.5 The ion mass spectmm of T a + B B q  
by us ing  s t r u c t u r e  1-4. 

I3ev 
2.48ev ,ck------r-c1+ + e 

CL2-----/ 
L C 2 ? L C l +  -+ e 

For two Rrontine atoms t h e  energy increases 
ch is more than t h a t  for one molecule (B r2 ).when a Bra- 

mine atom i s  ionized i n t o  an ion  (Br ) and an e lec t ron  

(e){a p a i r  of ion and e lec t ron  ) t h e  e n e r w  is increas- 
ed by II.Bev, while two atoms ( be  a molecule ) are ion- 

ized  i n t o  two ions and two electrons,  t h e  energy are in-  
creased by 23.6ev + 1.97ev- 25.57ev. 

For two chlorine at,orns the energy increases 2.48 
ev which i s  mare than t h a t  f o r  one m l e c u l e  (C121.When 

1.97 e v  whi- 

+ 

a molecule (Ck) is  ionized i n t o  two i o n s  and two elec- 
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trons ( k,wo p i r  of i o n  and e l e c t m n  ) , the  enor.g a r e  
increased by 2 8 . 4 8 ~ ~ .  

Thc chemical rict,ivet,y of atoms i s  more intcnnive 

thiln t h a t  of moleculen and i s  l inhSe t o  cause chemical 

rcac t ion.  

The f a c t  t h a t  i o n s  j o i n  chemical reaction i s  a 

lmportnnt c h a r e c t e r i s t i c  of the plasma chemical reaction. 

The a b i l i t y  of the  i o n  acqui r ing  e lec t ron  a r e  s t r o n ~ e r  

Lhan t h a t  of molecule and atom, so it i s  more e a s i l y  t o  

take p lace  f o r  t h e  chemical reac t ion  with the  metal. 

(3)  t h e r e  a r e  much atoms (or !nolecules) i n  exci- 

ted state i n  14 than i n  1 - 3 ~ 1  dischargechamber. The ex- 
c i t e d  atoms ( o r  molecules ) a l s o  possess more e n e r m  

than t h e  non exci ted oneso 

*(exci ted s t a t e )  such as, Ta %.6ev energy more than Ta. 

3.4b.e~ enerp j  more than Pd . rd* (exci ted Stab?) 

One can know t h a t  p-cat, quant i ty  of the? exci ted 

o t a t c  prl,.ic.Lcs are p r e w n t  by Lhc p1.asma l j R h t , .  For the 

cxcited p n r t i c l s s  t h e  chcmical reac t ion  i s  e a s i l y  t o  ta- 
ke Flace than t,hc non exc i ted  ones. 

(4) I-lr more t h e  duo-pole d i f f u s i o n  e f f e c . t ( j )  

than 1-3, that, i s  an . inherent  physical  c h a r a c t e r i s t i c  

a t  t h e  boundary between t h e  plasma and t h e  suspension 

metel. Owin[: t o  t h i s  nature,(I) an amount of t h e  h a l o p  

cont,act with t h e  metal is  j.ncrc?a.sed; (2) p a r t i c l e s  flow- 
ing  t o  t h e  sur face  of t h e  metal from t h e  plasma have der- 

i n i t e  energy which causes  t h e  physical  and chemical s p -  
tterhp,at t h e  norfncc ol: tho metal. This i s  a f a c t o r  of 

the f a c t  that, the  plaoma. ranee chemical react ion i s  .Cas- 

tcr than i n  t ? w ?  non-plasma rangs. 

The duo-pole d i f f u s i o n  e f f e c t  has  br ing i n t o  

prof i tab le  play i n  t h e  pfossess of pxtractj.np metal ions 

from R.I.'.ion source when t h e  plasma chemical. react ion i s  

applied. 
Above mcntioned f a c t o r s  a.nd other  b e n e f i c i a l  Ea- 

ctors e x i s t e d  in the  plmm mako t h c  diameter changing 

r a t e  of 1-4 be L ts 6 time as l a r g e  as 1-3, and make str- 

rictlire 1-4 t h e  extaracted metal i o n  percentage i n  ion  beam 

higher than form 1-3. 
3.2 1-5 is s e t e d  a t  p o s i t i v e  potent ia1,besides  

it and 1-3 same occur  chemical reac t ion  with t h e  n e u t r a l  

p a r t i c l e s ,  it i s  impacted by many high energy e lec t rons  

and negat ive ions, t h e  contact. quant i ty  between t h e  m e t -  
;11 with tho hal.oeen is inc:ronood, but  spubter, made CO- 

r rode ra.te raise, so the  chn.ncc ra te  of 1-5 j.s s1.x t o  

t e n  t i m e  a6 IjirKe 1-3. 
3.3 1-1 compare with 1-3, t o  u t i l i z e d  advanta- 

geous condi t ion i n  plasma more f u l l ,  severa l  thousand' 
volLaer d i f fe rence  i s  added between the  1-5 ( p o s i t i v e  

e lec t rode)  and the  1-1 (negat ive e lec t rode)  by outer  po- 

wer supply a t  t h e  discharge chamber.dany pos i t ive  ions  

of t h e  halogen are forced t o  shoot towards 1-1, the  con- 

t a c t  number of t h e  halogen element p a r t i c l e s  with t h e  

m e t a l  much more increased.When t h e  high m e r g e  Part ic les  

bombard metals,the chemical reac t ion  occures QEapidly and 

t h e  physical  and chemical sput te r ing  are more obvious. 

Therefore, t h e  diameter changing rate of 1-1 i s  3 more 

orders  of magnitude than 1-3, Le .  t h e  diameter changing 

rate of 1-1 i s  3 more orders  of magnitude than 1-2, but  

I-I and 1-2 is a t  t h e  same tungsten pole, only t h e  1-2 
is shielded by quartz  g l a s s  tube. This explains  t h a t  t h e  
conductance i s  no good in quar tz  g l a s s  tube, i n  o t h e r  

words, t h e  i o n i z i n g  rate is low. Although 1-1 and 1-2 i s  

at t h e  Same pole  and a t  t h e  same negative potent ia l ,  t h e  
result have au thent ica l ly  3 order  d i f fe rence  of magnitu- 

des. 

4. The se lec t ion  of t h e  s t r u c t u r e  i n  prac t ice  

b.1 1-16 form is used for  some metals, because 
they a r e  not need t h a t  a r e  heated and impacted by parti- 

c l e s  i n  addition, only metal i s  put i n  plasma of t h e  

halogen, the chemical react ion can cause rapid, and t h e  
metal ion  i s  ex t rac ted  from i o n  source. For example, 

Cu, V, 13, and SO on. 

metals, which is bombarded by ions, many metals ion a r e  

ex t rac ted  from ion  source. Such as, Y, Tar Cr, Tiand so 

on. I n  o rder  t o  raise percent of usefu l  i o n  i n  beam, 
using a kind of t h e  metal a t  1-1 and 1-5 a t  same time. 

4.3 Law melting point  metals, f o r  instance, In, 
Bi, Ga and s! on,they a r e  put  i n t o  c ruc ib le  in:diachargs 

chamber t o  prevent flow. 

Ae> 

4.2 1-1 s t r u c t u r e  i s  used t o  high melting point 

The techniques of t h e  p l a s m  chemical react ion 
and the sput te r ing  adopted i n  R.F. ion  source a r e  very 

e f f e c t i v e  f o r  ex t rac t ing  t h e  high melting point  metal 
ions. The ions have been extracted are : RZ, Wt %, T a r  

and rare earth element LonsX; $, C$ and SO on. 
This  two techniques had been applying i n  4ookev 

+ +  
AU, + P;, Ag+, pdf C:, q, vf Fi, C$ A l t  $, d, Bi, In', 

Gi, 

ion implanter a t  Bei j ing Normal University. 

5. Concluding remarks 

The fact of expeiment f u r t h e r  proved t h a t  t h e  

appl ica t ion  of t h e  plasma chemical reac t ion  and t h e  SPU- 

t t e r i n g  i n   ion source has  i ts  own merit, since f o r  
t h e  R.F. ion source t h e  quar tz  g l a s s  discharge chamber 

i s  used, while the  chemical property of t h e  warts g lass  

i s  more s t a b l e  than t h a t  of metals and t h e  metals t h a t  

is na need t o  produce ion can be  shielded,t,hen the US* 

f u l m e t a l s  i o n  content i s  higher  i n  t h e  drawn i o n  beam. 

This  method is simpli'city and convenience. The noble 

metals can be  economically used. This techolo&y can be 
used a t  equipments with the R.F. ion  source s i m p 4  some 
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improvements arc bef.nK made. The technology can be 
used to  conduct mass spectrum a n a l y s i s  for c e r b i n  

plasma polymer. 
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